Short Communication
Baker s yeast Saccharomyces cerevisiae is an essential ingredient in bakery products produced by dough fermentation. The properties of baker s yeast cells in commercial products, such as fermentation ability, stress tolerance, and fl avor formation, depend on both the cultivation conditions and the genetic constitution of yeast strains (Evance, 1990; Nagodawithana and Trivedi, 1990) . The breeding methods of baker s yeast including selection following mutagenesis, cross breeding, and molecular genetical methods have been extensively studied (Evance, 1990; Fang et al., 1990; Kyogoku and Ouchi, 1995; Oda and Ouchi, 1991; Shima et al., 1999; Teunissen et al., 2002; Vincent et al., 1999) . On the other hand, detailed analyses of the cultivation conditions of baker s yeast have been seldom studied (Praekelt et al., 1994; Win et al., 1996) .
Yeast biomass is generally grown in aerobic fedbatch culture systems (Nagodawithana and Trivedi, 1990) . During yeast growth in a fed-batch process, the addition of sugar-containing media, usually diluted molasses, is metered incrementally to minimize ethanol production and maximize the biomass of yeast (Burrows, 1970) . Cane molasses is considered an excellent medium for baker s yeast cultivation because it contains sugar, certain vitamins and minerals, and because it is relatively inexpensive (Peppler, 1979) .
In high-sugar dough ( 30% sugar per fl our), the fermentation ability of baker s yeast is inhibited by high osmotic pressure due to the sugar in the dough (highsugar stress) (Ando et al., 2006; Tanaka-Tsuno et al., 2007) . To achieve high fermentation ability in high-sugar dough, yeast cells must have tolerance for highsugar stress (Oda and Tonomura, 1993) . In our previous results, we found that baker s yeast grown in a synthetic medium consisting of sugar, vitamins, minerals, and inorganic nitrogen had poor fermentation ability in high-sugar dough, even after optimization of the media components, compared with yeast cells grown in cane molasses medium (Shima et al., 2005) . In a preliminary study, we fractionated cane molasses into a sugar fraction and a non-sugar fraction using a synthesized adsorbent such as Amberlite XAD-2 (Organo Co., Ltd., Tokyo, Japan). It was found that the addition of the non-sugar fraction to the synthetic medium enhanced the fermentation ability of yeast in high-sugar dough (data not shown). We hypothesized that functional compounds were included in the non-sugar Vol. 57 TOKASHIKI et al. fractions and functioned to enhance the properties of baker s yeast during the cultivation process. Therefore, the purifi cation of functional compounds from the non-sugar fraction of cane molasses was planned. The aim of this current study was to identify the functional compounds contained in cane molasses which enhance high-sugar stress tolerance during the commercial cultivation process. To identify the functional compounds in molasses, we performed purifi cation experiments on the compounds from cane molasses using chromatography while monitoring the effects of each fraction on the high-sugar stress tolerance of yeast cells.
Cane molasses containing 37% total sugar (i.e., sucrose, glucose and fructose), which was obtained from Indonesia, was used as the starting material for the purifi cation experiment of functional compounds. The scheme of the purifi cation procedure is illustrated in Fig. 1 . Cane molasses was fractionated using a synthesized adsorbent (Amberlite XAD-2), ultrafi ltration (MWCO: 5,000, Sartorius, Goettingen, Germany), gel fi ltration (Shodex GF-310 HQ, Showa Denko, Tokyo, Japan), and reverse phase chromatography using an octadecyl silane (ODS) column (YMC ODS-A, YMC, Kyoto, Japan). The effects of the fractions obtained by each purifi cation process on cell yield, fermentation ability in high-sugar dough, and intracellular trehalose contents of baker s yeast cells were evaluated as described below.
The fractions obtained by purifi cation procedures were added to synthetic medium (1.04% yeast nitrogen base without amino acids and ammonium sulfate [Difco, Detroit, USA], 3% glucose [fi nal concentration], and 0.225% urea), and yeast cells were grown by downsized scale fed-batch cultivation (total 100 ml) using the synthetic medium containing the fractions (Shima et al., 2005) . S. cerevisiae T128 (MAT a/α), a derivative of a commercial strain, was used as a model of commercial baker s yeast in this study (Nishida et al., 2004) . The cell yield of the yeast was measured in terms of wet weight and expressed as grams of yeast per gram of sugar in the medium. Intracellular trehalose, which is known as a compatible solute, was measured as described previously (Shima et al., 1999) . The fermentation ability (gassing power) in high-sugar dough of the yeast cells was measured using methods described previously (Shima et al., 1999) . In brief, fi rst, the ingredients of the high-sugar dough (100 parts fl our, 30 parts sucrose, 0.5 parts NaCl, 4 parts yeast, 6 parts shortening, 2 parts skimmed milk, and 52 parts H 2 O) were mixed together using a pin mixer (National MFG, Sterling, VA. USA) for 3.5 min at 28 C. Then, CO 2 production per 40 g of dough was measured after 120 min fermentation at 30 C using a Fermograph II (ATTO, Tokyo, Japan).
The active fractions which enhanced the fermentation ability of the high-sugar dough were pooled and used for the next purifi cation process. A summary of the purifi cation is shown in Table 1 . Both fraction A, which was the eluate from Amberlite XAD-2, and fraction B, which was the eluate from the 1st ODS chromatography, were shown to enhance high-sugar fermentation ability ( Fig. 1 and Table 1 ). However, we did not fi nd a correlation between the intracellular trehalose contents and fermentation ability in high-sugar dough, which suggests that the mechanism of tolerance for high-sugar stress was independent of trehalose accumulation.
Fraction B was re-applied to ODS chromatography, and fraction C was obtained. Fraction C showed a single major peak on ODS column chromatography ( Fig. 2A) . The compound of fraction C is referred to as compound 1 in this study. We were not able to detect the enhanced activity of compound 1, because compound 1 was too small in amount (1.7 mg) for fermentation ability tests to be carried out.
To determine the molecular mass of compound 1, ESI-MS analysis (positive mode) was performed using (Fig. 2B) . To determine the detailed chemical structure of compound 1, 1 H-NMR and 13 C-NMR analyses were performed using the JEOL ECA600 (JEOL, Tokyo, Japan). Fraction C was dissolved with CD 3 OD and then used for NMR. The NMR spectra of compound 1 were measured in CD 3 OD, and the chemical shifts of 1 H and 13 C were assigned as shown in Table 2 . Taken together with the MS spectrum, the peak patterns of NMR analysis strongly suggested that the chemical structure of compound 1 was 1-(3, 4, 5-trimethoxyphenyl) propane-1, 2, 3-triol (Fig. 2C) . Based on this chemical structure, it is speculated that compound 1 is a derivative of lignin contained in the cell wall of cane.
As described above, we have not determined whether the high-sugar dough fermentation was enhanced by compound 1 obtained from cane molasses by a purifi cation procedure. To analyze the enhance activity of high-sugar dough fermentation of compound 1, chemical synthesis of compound 1 was performed. The chemical synthesis was performed using a threestep procedure, with the scheme of the chemical synthesis illustrated in Fig. 3 . In brief, triethylamine was added to a tetrahydrofuran solution of 3,4,5-trimethoxycinnamic acid, and the solution was kept at 10 C and then fi ltrated under an ethylchloroacetate environment (fi rst step). The product of the fi rst step was dissolved in 13.5 ml of methanol, and sodium borohydride was added gradually on ice. The reaction was stopped by the addition of 6 M HCl, and the reaction products were extracted by chloroform. The target compound was purifi ed by silica gel column chromatography with a solvent (hexane ethyl acetate=10 1), obtaining the product with a 67% yield (second step). The products of the second step, 1-methylpyrrolidinone and osmium (VIII) oxide, microcapsulated (Wako, Osaka, Japan) were suspended in solvent (acetone H 2 O acetonitrile =1 1 1). After being stirred for 1 d at room temperature, the product of this reaction was obtained by fi ltration and subsequent evaporation. The fi nal product was purifi ed by silica gel column chromatography and preparative TLC with a solvent (chloroform methanol=10 1), and compound 1 was obtained (approx. 500 mg). The chemical structure of the fi nal product was confi rmed by NMR and MS analyses (data not shown).
The presence of enhanced activity of high-sugar dough fermentation of synthesized compound 1 was assessed by the method described above (right column of Table 1 ). These data showed that compound 1 enhanced the fermentation activity in high-sugar dough. We found a correlation between the content of compound 1 in fraction B and fermentation ability in high-sugar dough (data not shown). It is strongly suggested that a derivative of lignin enhances the fermentation ability of baker s yeast.
In this study, we determined a compound, which may be a derivative of lignin, that was correlated with high-sugar stress tolerance. It is speculated that many kinds of derivatives of the cell components (e.g., cellulose, hemicellulose, lignin and polyphenol) of cane are included in molasses. At present, we do not know whether other compounds derived from cane are involved in high-sugar stress tolerance. We are interested in the molecular mechanisms by which compound 1 provided high-sugar stress tolerance to yeast cells. It seems that the stress tolerance mechanisms resulting from the addition of compound 1 were independent of trehalose accumulation, which is a major cellular protective molecule. To gain further insights into the mechanisms of compound 1, we are planning to analyze the effects of compound 1 on the gene expression of baker s yeast using DNA microarray.
